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In this work, we perform an in-depth analysis of electron-trapping in AlGaN/GaN Schottky barrier diodes under constant voltage (VAC = %100V)
off-state stress conditions. The current–voltage (I–V) characteristics of the diode after stressing show a leakage reduction and on-state
degradation due to electron-trapping occurring in the vicinity of the Schottky contact. Capacitance–voltage (C–V) measurements confirm an
increase of the barrier height and the on-resistance of the stressed device. Furthermore, the on-resistance increase has been studied with different
temperatures and stressing times. By TCAD simulations, a lateral extension of the “trapped region” at the AlGaN/Si3N4 interface has been
visualized and can qualitatively explain the phenomenon of higher on-resistance increase at higher temperatures.
© 2015 The Japan Society of Applied Physics
1. Introduction
Over the past few years, electronic devices based on AlGaN=
GaN heterojunction have attracted a lot of attention for high
power switching applications due to their superior properties
including high channel charge density as well as large
breakdown field strength.1–3) To make the technology cost-
effectively and to compete with conventional Si power
devices, endeavors are being undertaken to fabricate high
performance AlGaN=GaN high electron mobility transistors
(HEMTs) and heterogeneous AlGaN=GaN Schottky barrier
diodes (SBDs) on 200mm Si substrates.4–9) The development
of CMOS-compatible Au-free processes is being carried out
enabling high-volume production of GaN-based devices in
existing Si infrastructures.10–14) Despite the excellent poten-
tial and prospect of GaN technology, the electrical stability of
the devices remains a key concern due to electron trapping=
de-trapping mechanisms.15,16) Extensive trapping analysis has
been performed on AlGaN=GaN HEMTs.17–20) It has been
reported that the instability of threshold voltage (VTH) and
on-resistance (RON) of HEMTs can be caused due to the
electrons trapped under the gate and at the AlGaN=Si3N4
interface in the access region, respectively.21–22) To the best
of our knowledge, few studies have been performed to
investigate the degradation of lateral AlGaN=GaN SBDs
under high-voltage stressing conditions.
For the real application of an AlGaN=GaN SBD in a power
converter, e.g., buck=boost converter, the diode is stressed in
the off-state under high electric field conditions. The high
electric field during stressing can result in electron trapping in
the device, thus degrading the forward characteristics.16) It is
critical to develop detailed physical understanding of the
degradation mechanisms. Meneghini et al.23) have reported
a permanent degradation mechanism of vertical AlGaN=GaN
Schottky diodes on Si. Lenci et al.24) presented that electron
trapping under the Schottky metal can result in SBD
dispersion from dynamic characterization, thus AlGaN
surface cleaning was proposed for the improvement in
performance.25,26) Hu et al.16) showed and explained the
phenomenon of total current collapse of lateral AlGaN=GaN
SBDs [in pulsed current–voltage (I–V) measurements] due
to electron-trapping and Fermi-level pinning at the AlGaN=
Si3N4 interface near the Schottky contact corner.
In this work, we have performed constant voltage (anode-
to-cathode voltage VAC = −100V) off-state stress measure-
ments at different temperatures on Au-free lateral AlGaN=
GaN SBDs. The leakage current during the device off-state
stress was monitored. The on- and off-state characteristics
were compared between the fresh and stressed SBDs.
Capacitance–voltage (C–V) characterization was carried out
to understand the increase of the Schottky barrier height and
on-resistance in the SBDs after stressing. We propose that
the electron-trapping at the AlGaN=Si3N4 interface can be the
cause of this temporary degradation of on-state characteristics
of stressed SBDs. A technology computer-aided design
(TCAD) model with donor states located at the AlGaN=Si3N4
interface16,27,28) has been defined with simulation results
showing the presence of a trapped region in the vicinity of
the Schottky contact. Furthermore, TCAD revealed a wider
trapped region for devices stressed at higher temperatures,
which explains the larger on-resistance increase experimen-
tally observed.
2. Experimental methods
AlGaN=GaN SBDs have been processed on 8-in. GaN-on-Si
wafers with Au-free CMOS-compatible technology. Metal
organic chemical vapor deposition (MOCVD) was used for
the growth of epi-layers which consist of a 10 nm Al0.25-
Ga0.75N barrier, a 150 nm GaN channel layer, a buffer layer
(400 nm Al0.74Ga0.26N=400 nm Al0.44Ga0.56N=1800 nm Al0.21-
Ga0.79N), and a 200 nm AlN nucleation layer on p-type
Si(111) substrate. The entire surface of the AlGaN barrier
was passivated with a 140 nm Si3N4 layer. The Si3N4
passivation layer was deposited at 750 °C by means of rapid
thermal chemical vapor deposition (RTCVD). Nitrogen
implantation was used for the isolation of active areas. The
removal of the Si3N4 passivation layer was performed with a
SF6 dry etch at the anode region. A N2 plasma treatment was
given to remove the native oxide or traps located at the
AlGaN surface before the deposition of anode metal.24) The
anode metal stack consists of 20 nm TiN=20 nm Ti=250 nm
Al=20 nm Ti=60 nm TiN. A Au-free metal stack of 5 nm Ti=
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100 nm Al=20 nm Ti=60 nm TiN was used for the cathode
contact formation, which was annealed at a low temperature
of 550 °C.8,9,11) A schematic of the AlGaN=GaN SBDs
fabricated is shown in Fig. 1. The devices studied have anode
finger width = 100 µm and 1-µm anode metal overlapping
on Si3N4 passivation layer towards the cathode. The length
of the Schottky contact (LSC) and anode-to-cathode distance
(LAC) are 9 and 5 µm, respectively.
Constant voltage off-state stress measurements were
carried out on Agilent HP4156C. During the stressing, the
devices were subjected to constant DC-voltage (VAC =
−100V) at different chuck temperatures (298, 323, 348,
and 373K). The DC characteristics of devices (from −20 to
3V) were measured after certain stressing time intervals TS
(10, 1010, 3010, 6010, 10010, and 15010 s).
A two-dimensional TCAD simulation was performed by
using the commercial software Synopsys Sentaurus Device.
At the interface of AlGaN barrier and Si3N4 passivation layer,
donor states have been defined with a uniform spatial
distribution in density. The traps were defined as bulk traps
located in a small region close to the AlGaN surface
(0.5 nm).16) The densities of the donor traps are set as
1.25 × 1012 and 2.1 × 1013 cm−2 at “Trap1” (EA1 = 1.0 eV)
and “Trap2” (EA2 = 0.5 eV) with their energy levels extracted
from our recent current transient measurements.16) At equi-
librium, the donor states are ionized with positive charges
compensating the negative polarization charges at the AlGaN
surface and giving rise to high electron density in the GaN
channel. We will investigate the normalized ionization of the
deep traps simulated at different temperatures to explain the
experimental observations.
3. Results and discussion
As can be presented in Fig. 2(a), the leakage current during
stressing was monitored and showed a reduction up to the
stressing time of 15010 s. After off-state stressing, the device
showed two orders of magnitude reduction in leakage
compared with the fresh SBD [in Fig. 2(b)]. Since the
leakage current is exponentially dependent on the Schottky
barrier height ϕB, the reduction of the leakage current is
indicative of the increase of the Schottky barrier height.29)
This observation gives the signature that there is an electron
trapping at the AlGaN surface (AlGaN=Si3N4 interface) in
the vicinity of the Schottky contact. From literature, it has
been reported that electron trapping can occur at the AlGaN
surface, in the AlGaN barrier, AlGaN=GaN interface, or in
the buffer layers. The interface trap density between AlGaN=
GaN of our sample is ∼2.0 × 1012 eV−1 cm−2, which is
consistent with the values from literature.30) The trapping in
the buffer layers can have an impact on the RON increase,
however, it should not strongly influence the leakage and
the Schottky barrier height. In this work, we will focus on the
electron trapping at the AlGaN barrier surface. The critical
electric field of the AlGaN barrier (dependent on the Al %
in AlGaN) is ∼3.5MV=cm.31) Before avalanche breakdown
occurs in the device, the leakage current of lateral AlGaN=
GaN SBD is dominated by the tunneling current through the
AlGaN barrier under high electric field condition at the
corner of the Schottky contact.9) Under this condition, the
electrons at the anode can be injected laterally to the surface
states. Due to the electron-trapping occurring at the Schottky
contact corner, the energy barrier for electrons is increased.
This has showed a significant impact on the leakage.
With the modified barrier height after stressing, the SBD
also shows a positive shift of the turn-on together with an
on-resistance increase [in Figs. 3(a) and 3(b)]. The on-state
parameters of fresh and stressed SBDs were extracted from
the equation below based on the thermionic emission
model:10,29,32,33)
ITE ¼ AAT2 exp  qB
kT
 
exp
qðV  IRSÞ
nkT
 
 1
 
: ð1Þ
Si (111) Substrate
AlGaN Buffer (2600 nm)
GaN Channel (150 nm)
140 nm Si3N4
passivated surface
LAC
LSC
AlGaN Barrier (10 nm)
Fig. 1. (Color online) Schematic structure of AlGaN=GaN-on-Si Schottky
barrier diode as studied. The anode-to-cathode spacing LAC = 5µm, anode
finger width = 100 µm, the Schottky contact length LSC = 9 µm.
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Fig. 2. (Color online) (a) Leakage current of AlGaN=GaN SBD
monitored during off-state stressing. (b) Reverse characteristics of fresh SBD
and stressed SBD.
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Fig. 3. (Color online) (a) Forward characteristics of fresh SBD and
stressed SBD presented in logarithmic scale. (b) Forward characteristics in
linear scale.
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As is shown in Table I, an increase of the effective Schottky
barrier height (SBH) and on-resistance is confirmed for the
stressed device. Due to other current mechanisms (trap-
assisted tunneling, generation–recombination current, etc.),
the ideality factor extracted is higher than the ideal value of
1.33) This also results in a lower value of the effective barrier
height here than the real physical value. The increase of the
effective barrier height of the stressed SBD is accompanied by
the reduction of the ideality factor. The trapping in the buffer
or at the place far away from the contact cannot influence
the SBH. We think that the result is due to the trapping of
electrons at the corner of the Schottky contact which changes
the SBH and two-dimensional electron gas (2DEG) density at
the same time. Our recent study showed that there exist
different trap levels (EA1 = 1.0 eV, EA2 = 0.5 eV) at the
AlGaN=Si3N4 interface based on current transient measure-
ments.16) In the off-state operation of the diode, there is a peak
lateral electric field present at the corner of the Schottky
contact show in Fig. 4(a), thus electrons can be injected from
the anode to the trap states at the AlGaN=Si3N4 interface.
Under the stressing condition (VAC = −100V), the injected
electrons will firstly occupy the trap states at lower energy, in
the proposed model these states are the deep levels at EA1 =
1.0 eV.16) The trapped electrons are located at the AlGaN=
Si3N4 interface beneath the 1-µm field plate overhang. After
the release of the stressing voltage, the 2DEG channel will
be replenished at the AlGaN=GaN interface. The schematic
of the AlGaN=GaN SBD after stressing is represented in
Fig. 4(b). The density of the 2DEG is lower at the position
beneath the trapped region due to the virtual gate effect.34) The
transport mechanism of the diode at the Schottky contact
corner also changes due to the modified potential barrier from
the trapped electrons. The trapped electrons not only modified
the energy barrier, but also partially depleted the 2DEG
channel resulting in an increase of RON.34)
Furthermore, the increase of barrier height and on-
resistance can be further illustrated by the C–V measure-
ments.35) In Fig. 5(a), we showed the C–V curves for SBDs
with different length of field plate measured at 1MHz. With
the increase of the field plate length, we observed an increase
of the depletion capacitance, and they all showed a small
plateau around VAC of −3V due to the capacitance con-
tributed from the field plate (CFP). The capacitive contribu-
tion from the field plate is small due to the thick passivation
layer (140-nm Si3N4). During stressing, the electrons can be
trapped at the corner of the Schottky contact and reduce the
CFP, as observed in the C–V curve of the stressed SBD, which
exhibits a dip at VAC of −2V [shown in Fig. 5(b)]. The
capacitance at VAC = 0V for both the fresh and stressed SBD
appears to be the same indicating that negligible trapping
occurring at the anode metal=AlGaN interface.
As temperature goes up, the RON of the fresh SBD
increases due to the mobility degradation. As can be seen in
Fig. 6, higher normalized RON values of stressed SBDs were
observed at higher temperatures and with longer stressing
time. Kotani et al.36) described a temperature-dependent
surface current due to the lateral electron injection. To
explain more severe RON increase at higher temperature,
TCAD simulations were carried out. Based on the TCAD
model defined, the normalized ionization for the donor
trap at the AlGaN=Si3N4 interface (located at 1.0 eV below
the conduction band) with different temperatures can be
visualized at VAC of −100V in Fig. 7. The TCAD simulation
results show that the normalized ionization of the donor trap
is “1” at equilibrium for all the temperatures. After stressing,
the normalized ionization of donor trap becomes “0” at the
corner of the Schottky contact, i.e., electron-filling of the
donor trap occurs in that region which we call the “trapped
region”. As temperature goes up, the “trapped region”
extends towards the cathode due to the thermally activated
Table I. On-state parameters of SBDs.
Ideality factor
SBH
(eV)
On-resistance
(Ω)
Fresh SBD 1.57 0.66 21.93
Stressed SBD 1.49 0.72 27.25
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Fig. 4. (Color online) (a) Lateral electric field distribution in AlGaN
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trapping mechanism, which results in more on-resistance
increase. These simulation results have confirmed the
trapping location and qualitatively explained the RON increase
at room temperature and higher temperatures.
4. Conclusions
In this work, we performed constant voltage off-state stress
measurements on Au-free AlGaN=GaN Schottky barrier
diodes. Increase of the diode Schottky barrier height and
on-resistance were observed due to electron-trapping around
the Schottky contact under the stress conditions. C–V
measurements and TCAD simulations supported our hypoth-
esis that electron trapping phenomenon occurs in the vicinity
of the Schottky contact. The lateral extension of “trapped
region” observed in TCAD can qualitatively explain the
experimental results at higher temperatures.
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